INTRODUCTION
Recurrent, unresectable locally advanced or metastatic head and neck squamous cell carcinoma (HNSCC) is a serious and life-threatening disease. Squamous cell cancers of the head and neck are heterogeneous tumors with variable prognosis depending on the site of origin. The Surveillance, Epidemiology, and End Results Program database reports statistics for two broad categories relevant to HNSCC: (a) oral cavity and pharynx and (b) larynx. Of the cancers arising in these areas, 90%-95% are squamous cell carcinoma. It is estimated there will be 48,330 new cases of oral cavity and pharyngeal cancer and 13,430 cases of laryngeal cancer diagnosed in the U.S. in 2016, with approximately 13,190 deaths due to these cancers [1, 2] . This represents approximately 2% of all cancer deaths in the U.S.
At the time of initial diagnosis, distant metastases are present in approximately 18% of patients with oral cavity/pharyngeal cancer [1] and 19% of patients with laryngeal cancer [2] . In addition, regional lymph node involvement (without distant metastasis) is present in approximately 47% of patients with oral cavity/pharyngeal cancer [1] and 22% of patients with laryngeal cancer [2] at the time of initial diagnosis; for patients with such locally advanced disease, 20%-30% will recur locally, while another 10%-15% can be expected to develop distant metastases. Median survival for patients with recurrent or metastatic HNSCC in most clinical series is 6-10 months.
Standard treatment for locally advanced HNSCC includes platinum-containing chemotherapy given in conjunction with radiation (e.g., as induction therapy, as concurrent therapy with radiation, or as part of adjuvant therapy with radiation following surgical resection). First-line chemotherapy for metastatic HNSCC consists of a multi-agent platinum-containing chemotherapy regimen, such as cisplatin or carboplatin plus 5-fluorouracil plus cetuximab [3] . The only drug specifically approved by the U.S. Food and Drug Administration (FDA) for the treatment of HNSCC that has progressed following a platinum-containing regimen is cetuximab, which was approved in 2006 based on an objective response rate (ORR) of 13% (95% confidence interval [CI]: 7, 21), with a median duration of response (DoR) of 5.8 months (range 1.2-5.8 months) [4] . The FDA approved methotrexate for the treatment of HNSCC in the 1950s, prior to the widespread use of cisplatin for this disease. Methotrexate is still used in the treatment of patients with recurrent or metastatic HNSCC who have progressed on platinum-based therapy. Contemporary data indicate ORRs in the range of 5% when methotrexate is used in this setting [5, 6] .
While docetaxel is FDA-approved for the treatment of locally advanced HNSCC as induction therapy in combination with cisplatin and fluorouracil, both docetaxel and paclitaxel are commonly used in the U.S. for the treatment of patients with recurrent or metastatic HNSCC who have progression on or after platinum-containing chemotherapy. For reference, a single-arm trial of docetaxel in 23 patients with recurrent or metastatic HNSCC who had progressive disease following treatment with platinum-based chemotherapy reported an ORR of 13% (95% CI: 8, 26) and median DOR of 4.4 months (range 1.8-5.5 months) [7] .
Pembrolizumab is a humanized monoclonal antibody that binds to the programmed death receptor-1 (PD-1) and blocks its interaction with programmed death-ligand 1 (PD-L1) and programmed death-ligand 2, releasing PD-1 pathway-mediated inhibition of the immune response, including the antitumor immune response. The FDA approved pembrolizumab for the treatment of patients with unresectable or metastatic melanoma, for the first-line treatment of patients with metastatic non-small cell lung cancer (NSCLC) whose tumors have high PD-L1 expression (Tumor Proportion Score [TPS] 50%) as determined by an FDA-approved test, and for the treatment of patients with metastatic NSCLC whose tumors express PD-L1 (TPS 1%) as determined by an FDA-approved test, with disease progression on or after platinum-containing chemotherapy. The primary basis of the supplemental biologics license application (sBLA) for pembrolizumab for treatment of recurrent or metastatic HNSCC was the KEYNOTE-012 trial.
MATERIALS AND METHODS

Trial Design
KEYNOTE-012 (NCT01848834) was a multicenter, nonrandomized, open-label, activity-estimating trial that included several disease-specific cohorts. Cohorts B and B2 of KEYNOTE-012 enrolled 192 patients with recurrent or metastatic HNSCC. The efficacy population supporting this supplement was limited to 174 patients from Cohorts B and B2 with recurrent or metastatic HNSCC who had disease progression on or after platinum-containing chemotherapy administered for recurrent or metastatic HNSCC or as part of induction, concurrent, or adjuvant therapy for HNSCC. This led to the exclusion of 18 patients who had never received platinum-containing chemotherapy. The trial excluded patients with active autoimmune disease or a history of severe autoimmune disease, a medical condition requiring immunosuppression, evidence of interstitial lung disease, or Eastern Cooperative Oncology Group performance status 2.
Patients received pembrolizumab either at 10 mg/kg every 2 weeks (Cohort B, n 5 60; Cohort B efficacy population, n 5 53) or 200 mg every 3 weeks (Cohort B2, n 5 132; Cohort B2 efficacy population, n 5 121) as a 30-minute intravenous (IV) infusion until unacceptable toxicity, disease progression, or death. Patients without disease progression were treated for up to 24 months. The major efficacy outcome measures supporting this supplement were ORR according to Response Evaluation Criteria in Solid Tumors (RECIST) 1.1, as assessed by blinded independent central review, and DoR.
Clinical Pharmacology
The proposed dosage regimen for the HNSCC indication was 200 mg every 3 weeks.
Based on population pharmacokinetic (PK) analysis, exposure using pembrolizumab 200 mg every 3 weeks is approximately 30% higher than with a dosage regimen of 2 mg/kg every 3 weeks. Exposure with the 10 mg/kg every 2 weeks dosage regimen is approximately fourfold higher than exposure using the 200 mg every 3 weeks fixed dose regimen. Only 25% of patients in the KEYNOTE-012 HNSCC efficacy population had PK data available, so analysis of the exposure-response relationship in this population was inconclusive. Exploratory doseresponse analyses that pooled data from KEYNOTE-012 and KEYNOTE-055 (NCT02255097) suggested a flat dose-response relationship for ORR in patients with HNSCC for doses of pembrolizumab 200 mg every 3 weeks and pembrolizumab 10 mg/ kg every 2 weeks.
RESULTS
Demographic and disease characteristics for the 174 patients included in the efficacy population are presented in Tables 1  and 2 . Of the 192 patients with HNSCC enrolled in Cohorts B and B2 of KEYNOTE-012, 65% had PD-L1 positive tumors as determined by an investigational assay. Among the 174 patients in the efficacy population, 49% received chemotherapy as part of adjuvant or neoadjuvant therapy, and 85% received prior systemic therapy for recurrent or metastatic disease. The median number of prior lines of therapy administered for the treatment of recurrent or metastatic HNSCC was two. All 26 patients (15%) in the efficacy population who did not receive systemic therapy for recurrent or metastatic disease had received a platinum agent as part of either induction, concurrent, or adjuvant chemotherapy. In addition, 63% of the efficacy population had received cetuximab and 72% had received a taxane.
Efficacy
The ORR was 16% (95% CI: 11, 22) with a complete response rate of 5%. The median DoR had not been reached among the 28 responding patients; DoR ranged from 2.41 to 27.71 months ("1" indicates ongoing response; the low end of the range for DoR without an ongoing response was 4.2 months). Among the 28 responders, 23 patients (82%) had responses lasting 6 months or longer. The ORR and DoR appeared similar across subgroups defined by age, gender, race (white vs. nonwhite), dosage regimen (10 mg/kg every 2 weeks or 200 mg every 3 weeks), or human papilloma virus status.
The efficacy results in the subset of patients enrolled in KEYNOTE-012 were supported by an interim analysis of efficacy in the first 50 patients with 6 months of follow-up who were enrolled in another study, KEYNOTE-055, which enrolled a similar patient population and administered pembrolizumab at a dose of 200 mg every 3 weeks. To be eligible for enrollment in KEYNOTE-055, patients must have received both a platinum and cetuximab as prior therapy for HNSCC. In this interim analysis, the confirmed ORR as assessed by independent central radiology review according to RECIST 1.1 was 18% (95% CI: 8.6, 31.4). The median DoR was 6.9 months, with response duration ranging from 3.0-8.31 months. The difference in the estimated median DoR between KEYNOTE-055 and KEYNOTE-012 may be attributable to the difference in duration of follow-up between the trials, with a maximum follow-up duration of 8.3 months for KEYNOTE-055 versus 30 months in KEYNOTE-012.
Safety
The primary safety analysis for this application was based on safety information from all 192 patients enrolled in Cohorts B and B2 of KEYNOTE-012. Median duration of exposure was 3.3 months (range 1 day to 27.9 months). Of these patients, 132 (69%) received pembrolizumab at a dose of 200 mg every 3 weeks, the proposed recommended dosage regimen for this indication.
The exposure with the 10 mg/kg every 2 weeks dosage regimen was approximately fourfold higher than the exposure with the 200 mg every 3 weeks fixed dose. However, the incidence of adverse reactions, including serious adverse reactions, was similar between dosage regimens. Based on the flat exposure-toxicity relationship, the safety data from patients receiving these two regimens were pooled. Serious adverse reactions occurred in 45% of HNSCC patients receiving pembrolizumab in KEYNOTE-012. The most frequent serious adverse reactions (reported in 2% of HNSCC patients) were pneumonia (3.6%), dyspnea (3.1%), confusional state (2.6%), vomiting, pleural effusion, and respiratory failure (2.1% each). Pembrolizumab was discontinued due to adverse reactions in 17% of patients. The most common adverse reactions (occurring in 20% of patients) were fatigue/asthenia, decreased appetite, and dyspnea.
The risks of pembrolizumab have been well characterized from the results of randomized clinical trials enrolling patients with metastatic melanoma or NSCLC [4] . Adverse reactions, including immune-mediated adverse reactions, occurring in patients with HNSCC were generally similar to those observed in patients with melanoma or NSCLC treated with pembrolizumab, with the exception of increased incidences of facial edema (10% all grades; 2.1% grades 3-4) and new or worsening hypothyroidism (14.6%) reported in KEYNOTE-012 (Table 3) . Among the 28 patients reported as having new or worsening hypothyroidism, only 15 had no prior history of hypothyroidism.
DISCUSSION
On August 5, 2016, the FDA granted pembrolizumab accelerated approval for the treatment of patients with recurrent Unmet medical need for patients with recurrent or metastatic HNSCC whose disease has progressed following platinum-containing chemotherapy.
HNSCC is a serious and life-threatening condition.
Current treatment options
Methotrexate and cetuximab approved for recurrent or metastatic HNSCC but are associated with response rates of 4%-13% in HNSCC patients whose disease has progressed on or after treatment with platinum-containing chemotherapy.
Current treatment options associated with low response rates; new therapies needed.
Benefit KEYNOTE-012:
ORR of 16.1%; median DoR had not been reached, and the upper limit of DoR range was 27.7 months (with response ongoing).
After median follow-up of 8.9 months for the efficacy population, DoR was 6 months for 82% of responders and 12 months for 73% of responders.
Prolonged DoRs observed across all subgroups.
Pembrolizumab resulted in clinically meaningful DoRs compared with available therapies.
Risk
Rate of permanent discontinuation of pembrolizumab due to adverse events was 17%.
Most common adverse reactions (20% of patients) were fatigue, decreased appetite, and dyspnea.
Safety profile of pembrolizumab wellcharacterized in patients with other advanced malignancies.
Adverse reactions in patients with HNSCC were generally similar to those occurring in patients with melanoma or NSCLC, with the exception of a significantly higher incidence of facial edema (10% all grades, 2.1% grades 3-4) observed in HNSCC patients in KEYNOTE-012.
Safety profile observed with pembrolizumab is acceptable given lifethreatening illness and compares favorably with other therapies used for this condition.
Risk management
Immune-mediated adverse reactions are adequately addressed by information in the Warnings and Precautions section and the dose modification recommendations included in pembrolizumab product labeling.
No significant safety concerns identified during sBLA review requiring risk management beyond labeling.
or metastatic HNSCC with disease progression on or after platinum-containing chemotherapy. This approval was based on determination of a favorable benefit-risk profile, which weighted the prolonged DoR in considering the surrogate endpoint of ORR and the safety profile of pembrolizumab observed in patients with recurrent or metastatic HNSCC enrolled in two cohorts in KEYNOTE-012, a multi-cohort trial of pembrolizumab (Table 4) . Supportive efficacy and safety data came from an analysis of the first 50 patients with 6 months of follow-up treated on KEYNOTE-055, an ongoing, single-arm trial of pembrolizumab 200 mg IV every 3 weeks in patients with recurrent metastatic HNSCC with progression following previous treatment with platinum and cetuximab.
Limitations of trials lacking an internal control arm include the potential for known and unknown patient selection bias, confounding comparisons to historical and external controls, and the lack of controlled safety data. Continued approval for this indication requires verification of clinical benefit in a confirmatory trial. The confirmatory trial, KEYNOTE-040 (NCT02252042), assessing pembrolizumab versus single agent therapy (i.e., methotrexate, docetaxel, or cetuximab) in a patient population similar to that in the approved indication, is ongoing.
The key issue considered during the review was whether the observed response rate provided a meaningful advantage over available therapy and was likely to predict clinical benefit. The ORR observed in KEYNOTE-012 patients with recurrent or metastatic HNSCC with disease progression on or after platinum-containing chemotherapy was 16% with a 95% CI that does not exclude response rates reported with currently available treatments; however, the durability of responses in KEYNOTE-012 are notable in that 82% of responders had DoR of 6 months. Prolonged durations of response were observed across various subgroups of patients. These observed durations of response demonstrated clinically meaningful improvement compared with available therapies in this patient population.
Another major consideration for FDA review of this supplement was whether the clinical pharmacology data were sufficient to support the proposed new dosage regimen of pembrolizumab, 200 mg IV every 3 weeks. Based on FDA Clinical Pharmacology review, this new dosage regimen was supported by population PK analyses using pooled data from KEYNOTE-012 and KEYNOTE-055, as well as a larger pooled dataset that also included information from clinical trials in patients with melanoma and NSCLC. The proposed new dosage regimen was determined to be adequately supported by the clinical pharmacology data package, when considered along with the safety and efficacy data for this dosage regimen from KEYNOTE-012 and the interim analysis of KEYNOTE-055.
Overall, the safety profile of pembrolizumab appears to be acceptable in this patient population in light of its effects on ORR, specifically the prolonged durations of response observed in KEYNOTE-012, and due to unsatisfactory alternative therapies for an incurable, life-threatening disease. As expected, based on the known safety profile of pembrolizumab, immunemediated adverse reactions were observed in patients with HNSCC treated with pembrolizumab. There was no suggestion of an increased incidence of these immune-mediated reactions compared with the incidence observed in the melanoma and NSCLC populations, except in the case of hypothyroidism. Hypothyroidism is a common finding among previously treated patients with advanced HNSCC, largely due to the fact that treatment of locally advanced HNSCC frequently includes radiation therapy targeting the head and neck area. Among the 28 patients from KEYNOTE-012 with HNSCC and the reported adverse event of hypothyroidism, 27 had received radiation as part of prior therapy for HNSCC.
Other adverse reactions occurring in patients with HNSCC were generally similar to those occurring in patients with other advanced malignancies, specifically melanoma and NSCLC, with the exception of a significantly higher incidence of facial edema (10% in HNSCC from KEYNOTE-012), which has been a rare event (0.6%) in melanoma and NSCLC studies. The incidence of facial edema (6%) was somewhat lower among the 50 patients from KEYNOTE-055 with safety data available for review. Facial edema is not an unexpected occurrence in patients with advanced HNSCC, many of whom have persistent tumor in the head and neck area and who may also be predisposed to this event due to prior treatment for HNSCC (i.e., surgery and/or radiation). However, facial edema could potentially be a manifestation of an inflammatory or an immune-mediated reaction associated with pembrolizumab treatment. Since the available safety data are from single-arm trials, it is difficult to determine to what extent, if any, facial edema is related to pembrolizumab treatment. The ongoing randomized controlled trials of pembrolizumab in HNSCC will clarify the extent to which pembrolizumab causes facial edema.
CONCLUSION
This accelerated approval expands the FDA-approved indications for pembrolizumab and describes the risks and benefits of pembrolizumab for the treatment of patients with recurrent or metastatic HNSCC with disease progression on or after platinum-containing chemotherapy. The prolonged durations of response observed in the HNSCC population from KEYNOTE-012 are clinically meaningful when considering the intended patient population and currently available therapies, and the clinical benefits outweigh the risks associated with pembrolizumab identified during the review of this sBLA. KEYNOTE-040, the ongoing, randomized confirmatory trial, will help to more accurately define the incidence of facial edema and hypothyroidism in patients with previously treated HNSCC associated with pembrolizumab and will allow for direct comparison with a similar patient population being treated with standard single agent therapy.
